A prospective study of 45 central venous catheters was conducted to assess, by strain delineation, the turnover of skin and catheter hub (superficial) colonization and the relative contributions of catheter hub and skin colonization to catheter tip colonization. Serial quantitative cultures of skin and catheter hub were performed. Catheter tip, blood, and specimens for culture from targeted superficial sites (TSSs) were also collected at the time of catheter removal. Strains from 17 tip-positive catheters were delineated by pulsed-field gel electrophoresis. Only 12 (28.6%) of 42 skin strains and 14 (31.1%) of 45 catheter hub strains were found to be present at the time of catheter removal. In addition, only 9 (29.0%) of the 31 tip-colonizing strains were present on TSSs. Moreover, 15 (48.4%) of the 31 tip-colonizing strains had a superficial origin, and the other 16 (51.6%) were of unknown origin. In catheters suspected of infection, cultures of TSSs had a negative predictive value for catheter-related bacteremia of 94.4% but a positive predictive value of 44.4%. When the causative agent was identified (to the strain level) these values dropped to 80.9 and 18.7%, respectively. The study shows that skin and catheter hub colonization is a common, dynamic phenomenon. Strains recovered from TSSs showed a low level of correlation with strains from previous cultures of specimens from superficial sites and catheter tip isolates. Consequently, TSSs cannot be recommended for use in determining the therapy. However, catheter-related bacteremia is uncommon when cultures of TSSs are negative.
Infection associated with central venous catheters (CVCs) is a common and potentially serious complication. Local infection is often asymptomatic even in the presence of catheterrelated bacteremia (CRB), and the most frequent sign is a fever of unknown origin. However, fever is often reported in hospitalized patients. Whether the fever is due to a catheter, other sources, or even noninfectious causes is difficult to ascertain. The situation is further complicated by the fact that multiple catheters are inserted in most patients, particularly those in the intensive care unit. When infection is suspected, physicians often face a dilemma: on the one hand, a confident diagnosis requires removal of the line, while failure to make the diagnosis may have serious consequences. However, withdrawal of the catheter and replacement with a new catheter increase costs and are associated with an increased risk of mechanical complications (8, 10, 17) . On the other hand, according to the literature, most catheters removed on suspicion of infection are not colonized (26) . Thus, a means of establishing a reliable conservative diagnosis would represent a real breakthrough. In recent years, several investigators have proposed surveillance skin and catheter hub cultures (3, 5, 7, 9, 16, 20, 22) for anticipating or excluding catheter-related infection (CRI). However, few studies have assessed the dynamics of colonization of superficial sites by means of strain delineation, which affirm that once the organism(s) colonizes the site it persists there until catheter withdrawal. For a thorough understanding of catheter colonization, it is crucial to establish the identity of the isolates from multiple sites in order to recognize their clonality and then to determine the role of a particular organism in the process (13, 18, 23, 25) .
Our hypothesis was that skin and catheter hub (superficial) colonization is a dynamic process and that isolates from these sites obtained at the time of catheter withdrawal have a low level of correlation with isolates from the catheter tip culture. To test this we report on a study of serial surveillance of superficial colonization aimed at evaluating the relative contribution of these sites to catheter colonization and the true validity of the conservative diagnosis. DNA analysis by pulsedfield gel electrophoresis (PFGE) was the epidemiological marker used for strain delineation.
(This study was presented in part at the 7th European Congress of Clinical Microbiology and Infectious Diseases, Vienna, Austria, March 1995, abstr. 1220 [4] .)
MATERIALS AND METHODS
Patients and catheters. From January 1993 to June 1994, 60 patients in our medical-surgical intensive care unit (ICU) who required 67 CVCs were recruited for prospective study. Catheters were included in the study if they had been in place for more than 48 h and if catheter insertion and removal were performed aseptically. All catheters were recruited irrespective of the number of lumens, use, or site of insertion chosen.
A povidone-iodine gauze dressing was placed at the catheter entry site at the time of catheter insertion and was changed three times per week (every Monday, Wednesday, and Friday), at which times swabs from the catheter hub and skin were taken and the skin was again cleaned with povidone-iodine. A gauze with povidone-iodine was placed around the hub of lumens used for parenteral nutrition.
Catheters were removed under aseptic conditions. The catheter tips were cut with sterile scissors and were placed within sterile tubes and sent to the microbiology laboratory. For each patient, medical and operative information was recorded. Catheters were removed according to clinical judgment.
Clinical specimens. Specimens for microbiological study included serial swabs from the skin surrounding the catheter entry site (an area of 4 cm 2 ) and from each catheter hub (distal, medial, and proximal sections separately) obtained throughout the catheterization period. Moistened swabs were used to obtain specimens from the skin. These specimens were obtained by rolling a sterile rayon-tipped applicator (Culturette; Becton Dickinson Microbiology Systems, Cockeysville, Md.) over the skin. Two sets of back-and-forth strokes were performed at right angles to each other. Inner catheter hub samples were taken by rubbing (360°) the interior surface of the catheter hub with a sterile, rayon-tipped applicator (Mini-Tip Culturette). Each applicator was placed in transport medium and was sent to the laboratory. On the day of CVC removal, the catheter tip and two blood samples for culture obtained by puncture of a peripheral vein were also collected. The tip was cut into as many segments as there were lumens, and the outer and inner surfaces were processed individually by the techniques described by Maki et al. (14) and Liñares et al. (11) , respectively. The numbers of colonies from the tip and swabs from skin and hub were counted and recorded. When the patient had other foci of infection, samples for culture were collected, and isolates were compared to those from cultures of tip, blood, and superficial sites. All cultures were incubated under aerobic and anaerobic conditions. Phenotypically distinct colonies were counted as separate isolates. Isolates were included in the study if culture resulted in 5 or more CFU. Catheter tip colonization was considered when Ն15 CFU from the outer surface of the tip (14) or Ն1,000 CFU from the inner surface of the tip (11) were isolated. For the purpose of this study, skin and catheter hub cultures were considered positive when five or more colonies were recovered.
In this study, only CVC strains from positive catheter tip cultures were subjected to further molecular epidemiological study.
PFGE. Whole-cell DNA from bacterial isolates was prepared in 0.8% lowmelting-point agarose (InCert agarose; FMC BioProducts, Rockland, Maine) gel plugs, and lysis was done by the method described by Smith et al. (21) . Lysostaphin (40 g/ml) was added to lysis buffer in the case of staphylococci. The rare-cutting restriction enzymes used were SmaI (Pharmacia P-L Biochemicals, Uppsala, Sweden) for gram-positive bacteria and XbaI for gram-negative bacteria, as recommended by McClalland et al. (15) . The digests were resolved by PFGE at 250 V on a 1.0% agarose gel (SeaKem ME agarose; FMC Bioproducts) by orthogonal-field alternating gel electrophoresis (Gene Navigator; Pharmacia LKB Biotechnology, Uppsala, Sweden) in 0.5ϫ TBE buffer (0.1 M Tris, 0.1 M boric acid, 0.2 mM EDTA). DNAs from isolates belonging to the same patient were electrophoresed on the same gel whenever possible. For all microorganisms, the pulse times were 20 s for Isolates were assigned to a major pattern designation when they showed the same pattern and to the same subtype when band shifts were consistent with a single genetic event (24) . Strains showing other possible pattern differences were considered different.
Definitions. Local catheter-associated infection was considered when there was edema, erythema, thrombophlebitis, or exudate formation around (2 cm) the insertion site.
Systemic infection associated with the catheter was considered when the patient presented with two or more of the following signs: fever (Ͼ38.5°C), tachypnea (Ͼ20 per min or partial CO 2 pressure of Ͻ32 torr), tachycardia (Ͼ90 per min), or an alteration in the leukocyte count (Ͼ12,000 or Ͻ4,000 cells/mm 3 ) resulting in an acute alteration of the baseline level which could not be explained by other causes.
CRB was defined as the isolation of the same strain from blood and catheter tip with no other known source of infection. The source of CRB included the following.
(i) Catheter hub. The same strain was isolated from cultures of the catheter hub, catheter tip, and blood. Skin cultures were either negative or positive for different strains.
(ii) Skin. The same strain was isolated from cultures of skin at the insertion site, catheter tip, and blood. Catheter hub cultures were either negative or positive for different strains.
(iii) Catheter hub and skin. The same strain was isolated from cultures of the catheter hub, skin, catheter tip, and blood.
(iv) Hematogenous seeding. The same strain was isolated from cultures of the catheter tip and blood cultures and from a distant source of infection, with negative catheter hub and skin cultures.
The cumulative incidence was defined as the number of events divided by the number of catheters. The incidence rate was defined as the number of events divided by the number of days that the patient was at risk because of the presence of a catheter.
Colonization by one strain was considered permanent when, once established, it persisted on the catheter hub or the skin at the insertion site; we distinguished removal colonization when a strain was isolated only at the time of catheter removal. Nonpermanent colonizations were considered to be punctual if they occurred only once except on the day of removal, temporary if they were absent after a previous colonization and were absent for at least two consecutive swab samplings, and intermittent if they appeared occasionally, i.e., were absent at least once between two colonizations. The pattern of colonization was considered not evaluable if fewer than three swab samples were taken for one catheter. Strains were divided into three categories on the basis of their first day of isolation after catheter insertion: Ͻ10, 10 to 20, and Ͼ20 days. In a similar way, catheters were divided into the same three categories on the basis of the first day of their colonization after catheter insertion. 
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Concordant results were considered when the same strain was cultured.
Catheter hub and skin cultures were defined, for simplification, as superficial cultures. A targeted superficial culture specimen (TSS) was defined as a sample for culture taken from a superficial site on the day of catheter removal.
Evaluations were made separately for isolates from each patient. Statistical methods. Means Ϯ standard deviations were calculated for continuous variables. Differences between groups were examined for statistical significance by Fisher's exact test or the chi-square test for discrete variables and by the t test for continuous variables. A probability value of less than 0.05 was considered significant. Sensitivity, specificity, and predictive values for skin and catheter hub cultures were calculated by standard methods (2) .
RESULTS
Characteristics of study population and catheters. Sixtyseven CVCs were included in the study. Twenty-two were excluded from the study for the following reasons: no surveillance swabs were collected from the catheter hub (n ϭ 10) and violation of the protocol conditions (n ϭ 12). None of them was associated with CRB. Forty-five catheters (10 with one lumen, 15 with two lumens, and 20 with three lumens; 42 patients) met our protocol criteria and were evaluable (Fig. 1) . In six cases the reason for CVC removal was the patient's death, and all were free of signs of CRI. Patients and catheter characteristics are summarized in Table 1 .
Tip colonization. Seventeen (37.8%) of the 45 catheter tips were positive, representing an incidence rate of catheter colonization of 2.72 per 100 days of catheterization. Strain delineation revealed the presence of 31 strains (Table 2) , of which 21 were coagulase-negative staphylococci (CoNS; 16 Staphylococcus epidermidis). The etiologies of tip colonization and CRB are presented in Table 2 . From 6 of the 17 positive tips, two or more strains were isolated.
Sources of strains colonizing the tip. Following isolation from the 17 tip-positive catheters, 11 of the 31 strains were found on surveillance skin cultures, while 8 were found in the catheter hub cultures. Four strains were found in both skin and catheter hub catheters. The remaining 16 strains were of unknown origin (Table 3) . None of the seven strains (S. epidermidis [n ϭ 6] and Candida tropicalis [n ϭ 1]) with an origin in the insertion site alone had been permanently present throughout the surveillance period (Table 3) . Only three strains were present at the time of catheter removal. Six strains with origins in the skin alone were isolated during the first 10 days (the other strain was isolated after 20 days). The strain (S. epidermidis) involved in the single event of CRB with an origin in the skin was not present at the entry site on catheter removal.
The hub alone was the origin for four strains. Three of these were permanent colonizers and were thus present on the day of catheter removal. Three strains were first isolated during the first 10 days, while the remaining strain was isolated after 20 days. Three gram-negative bacilli and one Candida parapsilosis isolate were isolated. Two strains (P. penneri and Serratia marcescens) were associated with CRB (Table 3) .
Strains from both skin and catheter hub colonizations were found to be concordant with strains found in four tip cultures. Two strains showed a permanent pattern of colonization. One skin and two catheter hub strains were first isolated during the first 10 days. Three were associated with CRB and were present on catheter removal. For the remaining 16 strains, no source of CRB was identified. More detailed information on tip-positive catheters is presented in Table 3 .
CRB. The incidence rate of CRB was 0.96 per 100 days of catheterization. Patients with catheters used for total parenteral nutrition had an incidence rate of CRB of 1.52 per 100 days of catheterization, while patients with catheters not used for total parenteral nutrition had an incidence rate of CRB of 0.34 per 100 days of catheterization (relative risk, 4.47 [95% confidence interval, 3.09 to 6.48]). Fifteen strains were isolated from cultures of blood obtained from nine patients but only eight strains (six catheters) were concordant with tip isolates. The origins of these eight strains were the catheter hub alone (two strains), the skin alone (one strain), and both skin and catheter hub (three strains), and the origins of the remaining two strains were unknown. More detailed information is presented in Table 3 . Only four isolates were recovered on the day of catheter removal. Three strains (three catheters) showed a permanent colonization pattern, and a further three strains showed a nonpermanent pattern of superficial colonization. All cases of CRB were documented after a minimum of 9 days of catheterization (mean, 14.8 Ϯ 4.4 days).
Skin and catheter hub colonization. Of the 45 CVCs studied, a total of 267 isolates were obtained from surveillance swabs of both skin (n ϭ 129) and catheter hubs (n ϭ 138) involving microorganisms of 27 different species. Only 11 (24.4%) catheters were associated with negative quantitative surveillance cultures of both the catheter hub and skin. S. epidermidis and other CoNS were the most frequently isolated (64.0%). More detailed information on the strains isolated is presented in Table 2 .
Cutaneous colonization. For 24 (53.3%) of the 45 catheters studied, a positive skin swab was obtained from the patient at some time during the catheterization period. A total of 19 different species were isolated, with S. epidermidis (n ϭ 65) and other CoNS (n ϭ 27) being the most common isolates. Polymicrobial flora was found in 13 (28.9%) catheters (12 of which were first colonized during the first 10 days). By means of molecular subtyping, 42 strains were identified from the skin of the 17 patients with tip-positive catheters (Table 2) . Of these 42 strains, only 12 (28.6%) were present at the time of catheter withdrawal. Figure 2 shows the pattern of skin colonization for patients with these catheters. The prevailing pattern was punctual colonization (59.5%). Colonization with non-CoNS was more frequently (P ϭ 0.02; Fisher's test) associated with a permanent pattern than colonization with CoNS. No significant difference in the patterns of colonization was observed for CoNS between catheter hub and skin isolates. However, in the non-CoNS group, the punctual pattern was significantly (P ϭ 0.04; chi-square test) less frequent in the catheter hub. The mean interval from catheter insertion to the development of skin colonization was 2.2 Ϯ 3.2 days. Catheter hub colonization. For 27 (60.0%) of the 45 catheters, a positive catheter hub culture result was obtained at some time. Eighteen different species were involved, with other CoNS and S. epidermidis being the most commonly isolated organisms. Polymicrobial colonization was found in 22 (48.9%) catheter hubs (17 were first colonized during the first 10 days, 4 were colonized between 10 and 20 days, and 1 was colonized after 20 days). For strains from all 17 tip-positive catheters, strain delineation revealed 45 strains involving 13 different species (Table 2) . Of these 45 strains, only 14 (31.1%) were present at the time of catheter removal. A similar pattern of strain colonization was observed in patients with cutaneous colonization: a punctual presence was also the most commonly observed pattern (n ϭ 24). Figure 2 presents the pattern of hub colonization for tip-positive catheters. Colonization by CoNS was less insidious (P ϭ 0.04; Fisher's test) than that by nonCoNS. The mean interval from catheter insertion to the development of catheter hub colonization was 3.8 Ϯ 4.9 days. The skin tended to be colonized before the catheter hub (P ϭ 0.05; t test). Thirty-eight (27.5%) of the 138 positive catheter hub cultures yielded from 5 to 15 colonies each. None was involved in CRB.
Conservative diagnosis. The cumulative incidence of CRB was 13.4% (6 of 45). The sensitivity, specificity, and predictive value of positive and negative cultures of TSS for the development of CRB were determined. The values are presented in Table 4 . When we considered catheters with suspicion of infection (n ϭ 27), the positive predictive value was 44.4%, while the negative predictive value was 94.4%, compared to values of 30 and 88.2%, respectively, when cultures were performed with the last sample taken before withdrawal (data not shown). Moreover, these values dropped to 18.7 and 80.9%, respectively, when we evaluated strains.
DISCUSSION
Serial surveillance cultures of samples from superficial sites revealed the changing nature of microbial colonization. This observation is in agreement with the findings made by Brown et al. (6) , which revealed a polyclonal (different plasmid profiles) reservoir for cutaneous surfaces. However, this finding is in contrast to that made by other investigators (16, 22) , who affirm that bacterial growth on the skin at the insertion site, once established, persisted until catheter removal. In our study, for 15 of the 17 tip-positive catheters there was a positive skin or catheter hub culture at some time during the period of catheterization, but only about 10% of the strains showed a It is generally accepted that tip colonization is due mainly to the progression of microorganisms from the skin or catheter hub (12) . In our study, skin swabs and catheter hub cultures failed to detect the microorganisms that caused more than half of the tip colonizations.
It has been suggested by Raad et al. (19) that colonization originating from the skin is predominant in short-term CVCs, while that originating from the hub is predominant in longterm catheterizations. Indeed, in our study, colonization originating from the catheter hub increased progressively with time, while those strains involved in catheter colonization from the skin tended to colonize the insertion site within the first 4 days. In contrast, strains from the catheter hub tended to colonize the tip after 8 days of catheterization.
With a suspicion of infection, the probability of finding an episode of CRB when the TSS is positive was 44.4%. On the other hand, the negative predictive value for CRB in patients with a suspicion of infection was high (94.4%), although it was lower than that in previous studies (7, 20) . Since the possibility of an episode of CRB when the TSS is negative cannot be ruled out, the risk of serious consequences incurred by delaying diagnosis and the maintenance of persistent bacteria in critically ill patients are causes for concern. These values drop considerably when the strain involved in CRB is identified, given that the strains isolated from the catheter tip, blood, and TSS showed little concordance. Consequently, TSSs cannot be used to select the appropriate antimicrobial therapy.
An important observation was that less than a third of strains from superficial sites were present on the day of catheter removal. In addition, less than 30% of catheter tip-colonizing strains were isolated from skin and catheter hubs cultured after catheter withdrawal. These findings emphasize the limited value of culture of a specimen from a superficial site on the day of catheter removal in studies evaluating pathogenesis or risk of colonization and the need for serial surveillance cultures.
Certain limitations of our study need to be recognized. First, isolates from catheter tips with negative culture results were not studied by molecular subtyping and were thus excluded. Our conclusions are thus restricted to positive cultures. In the laboratory, the strains in the cultures were initially identified by considering differences in colony morphologies. This method has its drawbacks. It is possible that CoNS cultures, although phenotypically identical, are genetically polymicrobial. Hence, the morphology of the colony can present little discrimination when identifying all strains present in a culture. As a result, punctual isolation of strains may be due to rapid turnover of strains or to an underestimation of carriage due to the recognized limitations of selecting only one colony of each morphotype for typing. Finally, the incidence of CVC colonization and CRB in our study was higher than that in other reports (1) . The fact that our study was performed only with patients in intensive care units where CVCs were used for multiple functions may explain the high level of colonization of skin, the catheter hub, and the catheter tip. Generalizations of our results to specific types of catheters such as those used for surgical patients receiving total parenteral nutrition should be made with caution.
In summary, our findings show the common, dynamic nature of colonization of skin at the catheter insertion site and of the catheter hub, despite careful management of the skin and catheter hub for patients in the ICU in whom catheters are inserted. In our experience, TSS culture results are a poor reflection of catheter tip colonization. Consequently, use of TSS cultures as a screening test for a conservative diagnosis cannot be recommended for therapy. On the other hand, CRB is uncommon in the presence of negative cultures of specimens from superficial sites. According to our findings, surveillance swab cultures are needed in studies evaluating pathogenesis and may be used to predict the absence of catheter tip colonization, although this is a costly, time-consuming approach.
